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Introduction
With the development of household budget systems and with regard to the requirements of the European Union, the cumulation of cross-section surveys to an integrated information system is discussed. 2 The so far parallel and not connected surveys should be united in an appropriate way to allow analyses of more complex problems in an integrated system of household statistics. Thereby flexible, reasonable, actual and new data requirements should be enabled for the interested public (Ehling 2002a) . In particular the reconstruction of household budget surveys should deliver yearly results as well multi-annual sufficient large samples to allow in depth analyses (Ehling 2002b, 22) .
Conducted by Merz 2004 , the current study provides a general conceptual foundation of the cumulation of cross sections and an application which in particular evaluates the new cumulation concept with actual large official samples. 3 The cumulation concept, at first discussed more general, is applied to the cumulation of several Continuous Household Budget Surveys (Laufende Wirtschaftsrechnungen, LWR) of the German Federal Statistical Office. This temporary cumulation cumulates a series of single cross sections and does not discuss the case of panel data with respondents repeatedly interviewed. Such an approach with overlapping samples and less efficient results requires further processes. 4 With the microdata of the Continuous Household Budget Survey (LWR) cross sections 1999, 2000, 2001, 2002 and 2003 we simulate alternative cumulation scenarios over the single years and build an aggregated cumulation sample. These cumulation alternatives are evaluated for private household consumption expenditures of selected expenditure groups by comparing the results of the aggregated cumulation sample with an appropriate even larger sample, the Sample Survey of Income and Expenditures (EVS) 2003. Therewith the sensitivity of the cumulation concept with its alternatives is evaluated on a large empirical base and with regard to a broad spectrum of household expenditure behaviour. We conclude with a recommendation. 2 This study is a contribution to the project "Official Statistics and Socio-economic Questions" of the German Federal Statistical Office, which is embedded into the new EU-SILC approaches (EUROSTAT-Document "Draft Regulation on the Collection of Statistics on Income and Living Conditions in the Community (EU-SILC)", (EUROSTAT 2001 , S. 1, European Commission 2001 ). 3 The pros and cons of a preferred cumulation of surveys in contrast to alternate samples e.g. are discussed by Ehling (2002b, 24) or Verma (2002, 51-52) in the conference volume of rotating samples . 4 According to the efficiency of cumulated samples: A cumulation of non-overlapping samples (independent samples without repeated questioning the same microunits) in general is ideal from a sample's theoretical perspective, because only these samples deliver efficient results. The variance is the central measure to determine the significance of a value. If an actual sample is combined with a previous sample, the variance of a mean value is the more reduced the larger the overlapping proportion P is. The variance due to Cochran 1977 is reduced by the factor reduction (4) 2 2 2
(1 (1 ) ) /(1 (1 ) ) P R P R − − − − , where R ist the Pearson correlation coefficient. In the consequence the smaller variance indicates a higher level of significance when the cumulation has overlapping microunits. Kordos (2002, 60) , however, it shows that the maximum variance reduction (with an optimal P and optimal sample weights) is constrained by the factor 2 0,5
(1 ((1 ) )) / 2 R + −
. A variance reduction in the case of an overlapping cumulation is not only valid for the original values but also for their rates of changes (Selén 2002, 75; Kish 1999, 136) .
Since for our analyses no overlapping information is available, no such aspects have to be considered; the cumulated sample therefore has to be characterised as a sample of independent microunits with respective sample sampling errors. For further remarks according to the accuracy of a cumulated sample in general see Merz 2004 .
Cumulation of cross-section surveys -A concept for the cumulation of yearly household budget surveys
Based on general theoretical approaches Merz developed a concrete cumulation concept for household budget surveys in 2004 and put his concept up for discussion to the interested public. This concept is re-capitulated in its essential elements, where further advancements are marked in cursive letters. The following chapters deepen the central elements and cumulation alternatives which then form the simulation and evaluation.
Cumulation concept and tasks:
1. Price adjustment of economic values (expenditures, income) of all cross sections to the year t=T: Appropriate price indices (economic multipliers) should adjust all monetary values and convert them into prices of the final evaluation year T. In contrast to demographic weightings, which are dependent of the sociodemographic structure of the respective household in a cross section, such an economic multiplier is independent of the single respondents (households).
2. Demographic structure and totals: It has to be decided which demographic structure for the individual as well as for the household structure should be chosen for a demographic representative adjustment (calibration, re-weighting) . This is required for the evaluation year T (the year of the large comparison sample, here the EVS 2003) sample as well as for all periods/years before (here the Continuous Household Budget Surveys 1999 Surveys , 2000 Surveys , 2001 Surveys , 2002 Surveys and 2003 . 5 The demographic totals of the chosen adjustment should be extracted from a large representative population survey (here the German Microcensus). ( , 1,..., ) t w t T = for all T cross sections. We incorporate assumed as well as data generated weights based on a cluster analysis.
Cumulation weighting: The aim of a cumulation weighting is to incorporate the information of all previous samples. To account for the different temporary closeness and thereby the different information content of the previous cross sections, we propose different alternatives to determine appropriate depreciation rates
4. New adjustments (calibrations) for the cumulated sample CUM at t=T: According to the actual totals (margins, aggregated values) r at t=T the additive cumulated and so far price adjusted cross sections t (t=1,…,T) -eventually with respective new adjustment weightings -has to be adjusted theoretically based, simultaneous and consistently. 6 According to the Minimum Information Loss (MIL) principle (see Merz 2004 , realised by the program package ADJUST by Merz and Stolze 2004 ) the chosen adjustment procedure takes care of already available, original adjustment weightings within the information theory based 5 E.g. structured according to household information like the occupational status of the household head (HHH), age of the HHH, household structure: household size, number of active persons, number of kids in age classes etc. as well as personal information like persons with regard to age and gender, old age pension situation etc. 6 The additively cumulated cross sections allow item referred relations: e.g. for income inequality analyses relative income might be needed (e.g. in relation to the respective cross-section). This is possible with the original adjustment weights of the respective cross sections or with the adjustment weights of the cumulated sample KUM since the reference to each cross section is still available in the cumulated sample. objective function. This approach includes already conducted adjustments or given temporary representativeness via the respective adjustment factors and information from the previous cross sections.
Alternative adjustments in principle:
At first the cumulative weightings t w are multiplied with the individual original adjustment factors of each sub sample (cross section). The original cross sectional adjustment factors might be the original weights t q or adjustment weights from new adjustments * t p for each sub sample based on their respective totals t r . The entire aggregated cumulated sample CUM at T then is re-weighted to achieve the totals T r at period T.
At first there is a new adjustment for each sub sample within the cumulated sample CUM delivering adjustment weights + T p for each sub sample with respect to the totals T r . Since each adjusted cross section is representing the population T N , the cumulated sample CUM represents T TN observations. The adjustment factors then are multiplied by their respective cumulation weights t w . The cumulation weights should sum up to 1 so that the entire cumulation sample CUM will finally result in T N .
The second adjustment alternative with a cumulation weighting after a demographic adjustment is more flexible since it allows alternative cumulation weightings later on without an additional demographic adjustment.
Model based extrapolation:
If a model based extrapolation by microeconometric estimates is chosen then the extrapolation is linked with the adjustment as follows: If the variables with regard to contents are independent from the demographic adjustment, then the model based extrapolation can be applied after the adjustment. If the variables with regard to contents however are dependent of the demographic adjustment, then the model based extrapolation has to be considered within the adjustment as a further characteristic.
Evaluation of CUM compared to another large sample (like EVS):
With the final cumulation file CUM then the evaluation by comparing its substantive results with the results of another large sample, here the EVS at t=T has to be done.
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The cumulation concept at work
The above cumulation concept is based on four central building blocks • Price adjustment of economic values (like expenditures, income)
• Alternative cumulation weighting
• Model based extrapolation
• New demographic adjustment of the cumulated sample(s) which will be discussed in the following.
Price adjustment of economic values
Price adjustments of economic variables -here the expenditures and incomes of private households -take into account the price development by appropriate price indices. A price index (economic multiplier) -if not different by regions -is equal for all households and is either a general price index -like the consumer price index -or group specific. The price adjustment of economic values therefore is not a computational problem.
Alternative cumulation weightings
Our temporary cumulation combines all T given cross sections, here the Continuous Household Budget Surveys (Laufende Wirtschaftsrechnungen, LWR). Since the (yearly) cross sections are delayed by T-t (t=1,…,T-1) we face "outdated" information compared to the actual situation at T.
The aim of a cumulation weighting is to incorporate the information of all samples, in particular former samples with appropriate depreciation rates. The depreciation rates of all cross sections, further called cumulation weights t w , are not to be mixed up with the weights of a demographic adjustment, which will achieve demographic representativeness.
Four approaches to calculate cumulation weights will be discussed briefly:
• Approaches from the computer sciences
• Information theory based approach
• Alternative distance measuring: weighting by similarity-(proximity-) measures
• Model based econometric extrapolation by the AIDS complete demand system and calibration • Alternative fixed temporary cumulative weighting. These approaches will be linked and determine the simulation alternatives.
3.2.1
Approaches from the computer sciences: the information value of a data base
The value of information in databases is discussed in informatics with regard to its aging and optimal updating intervals. For instance, the value of a customer database for marketing purposes will decline if the database is older and some of the addresses are not valid any further. Another example is the steering of the information flow: For the caching of network information certain information is buffered. If the cached information is wrong because of being too old the, wrong information generates costs of additional accesses. From a certain point in time the risk to generate costs because of too old data will outbalance the chance for a direct access to the desired information and potential cost minimization. To evaluate the "risk", a method is necessary to find a measure for "actuality". With address data this is relatively simple: New invalid address data for some point in time are taken to approximate rates of invalid addresses. This is not as easy for other constellations.
Altogether, the idea of estimating the risk to use outdated information is portable to our problem of a temporary cumulation. Different consumer behaviour from different cross sections could be the base to estimate changes in consumer behaviour by a similarity index by distance measures or naturally by econometric approaches. The result could be a certain time dependent depreciation rate d(∆t) which could be used for the different cross sections of the cumulation.
Respective approaches from an information theory based perspective, data generated proximity measures, a model based econometric extrapolation and calibration and fixed alternative weightings now will be discussed.
Information theory based weighting
Following the information aspect the information theory based approach with the entropy as a measure of information novelty could help.
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The entropy of the information content of a set of objects j (j=1,…,n) on a pro-rata basis p=(p 1 ,...,p n )', (p j >0), ∑ j p j =1, there is characterized by
If p would measure all variable values, then the aggregated information of this cross section could be measured one dimensional by H(p). The information loss (respectively the information gain) of a former cross section -with respective pro-rata based q=(q 1 ,...,q n )' -compared to the actual situation p then could be evaluated by
where p = (p 1 ,...,p n )', q = (q 1 ,...,q n )' with (p j ,q j > 0), ∑ j p j = ∑ j q j = 1, (j=1,...,n).
This approach corresponds to our demographic adjustment/calibration minimum information loss principle.
For each former cross section an entropy value H t repectively a distance measure I t compared to the actual situation at T would be given and a information theory based temporary cumulation weighting could be constructed for the cross sections t(t=1,…,T) by
The cross section which is most different to the actual situation could get the highest -or inverse eventually the lowest -weight in the cumulated sample.
For using the entropy concept to characterize a sample, note the following: The entropy is measuring the information content. If the entropy is equal one, the information is distributed at random, with small values redundancies or statistical regularities are given. H(I) is an average information about the regularity structure of the data. Therefore it is questionable if a measure of such a structure is the right weighting approach by content when further socioeconomic behaviour is surrendered. However, the entropy and its information loss could be regarded as a general measure of distance if the original relative frequencies (p and q) would be further developed as metric survey variables.
7 Background information about information theory and its applications are provided e.g. by Golan, Judge and Miller (1996) .
Data generated alternative distance measuring: proximity measures
In addition to the discussed information theory based approach there are many alternative distance measures, which detect the distance of an entire sample by proximity measures. As proximity measures -dependent on the scale of measurement -well known are • Proximity measures based on a nominal scale
• Proximity measures based on a metric scale L 1 -and L 2 -Norm, Q-correlationcoefficient, Mahalanobis-distance, Minkowski-metrick (with special case of the quadratic Euclidian distance), generalized least squares, minimum information loss, raking ratio, minimum entropy, Hellinger-distance, modified chi-square, … All these measures are generated by the samples and its information itself and take into accountsimilar to the information theory based weighting -differences of all variable values between two or more samples. A temporary cumulation weighting aspect is caught by the degree of variable value changes as revealed changed behaviour. The proximity approach delivers distances between every cross section at t compared to the actual situation at T. A greater distance shows a relative great change of (consumption) behaviour. We argue that therefore the situation at t then is of lower interest for the actual situation (which has changed a lot); the situation at t because of its particular loss of actuality should be considered by a lower degree. Since not a great distance but the similarity is of final interest, our final proximity based cumulative weight is inverse constructed: The more similar (and probably more actual) a sub sample is, the higher will be its weight.
In the end our concern is to evaluate the impacts of alternative cumulation weightings of private household expenditures in a cumulated sample. The base of any proximity measure, thus are expenditures for certain commodity groups like food, drinks or other services etc. Since these are variables with a metric scale, different metric distances (z.B. Minkowski-metric, cosinus-distance or Tschebyscheff-distance) and proximity measures (e.g. Q-correlation) come into consideration.
Concretely, we apply the Euclidean distance which is underlying the analysis of variance in general. For our case we compute four distances as a respective distance between a Continuous Household Budget Survey (LWR) 1999 (LWR) , 2000 (LWR) , 2001 (LWR) and 2002 compared to the last available LWR 2003 (t=5=T). Since a distance matrix is needed between the respective cross sections and not between the single observations, the question how to deal with groups (cluster) with regard to their centre has to be answered. Analogous to fusion algorithms of an analysis known approaches like the single or complete linkage, the Centroid or the Ward method can be applied. If practical considerations like the group size and handling with available statistic programs could be neglected the Ward method would be the optimal choice; it is robust and credibly assigns cluster centres and distances to other clusters without causing problems like chain building.
However, hierarchical methods with 20,000 and more observations like in the LWR will meet computational limits of desktop computers. In addition, own fusion routines have to be programmed -because of the given group dependency of the cross section years -since implemented fusion algorithms of common statistical packages are not available. Due to reasons of transparency and practicability a distance measuring between cross sections based on mean values of the expenditure variables is chosen.
Finally the calculated distances have to be transformed into appropriate weights, which have to fulfil the restriction of 1 t t w = ∑ . Here we take the respective share of the whole distance as the information loss. The cumulation weights -like in the other approaches -then have to be normalized to the sum of 1.
A data generated cluster analytic cumulation weight then is
d is the squared Euclidean distance between cross section at t and the cumulation year
(T).
Steps of the data generated cluster analytic cumulation weights for our simulations
These are the steps within the cluster analysis to achieve the respective cumulation weights for our simulations:
Aggregation of single expenditures from the LWR 1999 to 2003 according to desired central commodity groups (here 12 commodity groups).
Compute arithmetic means of the expenditures of the 12 commodity groups for all cross sections as the basis for the distance matrix. Building cumulation weights from the distance matrix.
The concrete extensive computations finally result in the following weights of the LWRs 1999 LWRs , 2000 LWRs , 2001 LWRs , 2002 Data generated cluster analytic cumulation weights {0.156; 0.177; 0.194; 0.224; 0.250}. As the result shows, more recent samples here produced higher weights because they are more similar to the sample at T. However, an increasing data generated cluster analytic cumulation weight from t=1 to t=T has not always to be expected necessarily, though more similar data in more recent samples compared to T could be expected.
Model based econometric extrapolation with the AIDS demand system and calibration
A model based approach will be understood as an approach supported by economic theory and forming the basis for microeconometric estimates. From a multitude of microeconomic based models (see Merz 2004) we briefly regard the flexible AIDS complete demand system (Almost Ideal Demand System, Deaton and Muellbauer 1980) , which has been used already within the framework of cumulation approaches and the analysis of expenditures.
Cassel, Granström, Lundquist und Selén 1997 have proposed such a model based estimation connected with a calibration (adjustment) when cumulating the Swedish household survey HBS from 1985, 1988 and 1992. 9 They apply the AIDS model within their calibration for seven commodity groups out of 6 months and 10 household types. The idea: Expenditure shares for certain commodity groups are estimated from an aggregate (e.g. total expenditures) by a regression analysis and calibrated at the same time. yields the following conclusion (Cassel et al. 1997, S. 19) : "it can be expected that the model based calibration methods CMD and CMRD with respect to the variance and the systematic error will yield good results".
If a model based extrapolation is chosen, either by such an expenditure model 10 or by a time series approach etc., then such an extrapolation would be connected with a demographic adjustment in general by
• if the variables of interest with regard to contents are independent from the demographic adjustment the model based extrapolation could be applied after the demographic adjustment of the cumulated sample,
• if these variables are dependent, then the model based extrapolation has to be considered within the demographic adjustment.
Though a model based extrapolation of a sample -here by extrapolation of the expenditure behaviour -has its content driven merits, however and to be critical, in many results with the AIDS 9
With respectively the same sample plan, same sample size; samples are drawn from the "Register of the Total Population"', largely a random sample 10 Examples for expenditure systems are the complete demand systems with flexible functional form like the TranslogModel, the mentioned Almost Ideal Demand System (AIDS, QAIDS), the Rotterdam Model etc., or Stone's Linear Expenditure System LES (Stone 1954 ) the extensions ELES Lluch 1973 and FELES Merz 1983 . A good survey about demand systems is given e.g. by Deaton 1990. application by Cassel et al. 1997 , no significant improvement will be visible by their model based estimation and calibration approach (see also the discussion in Selén 2002, 83 pp) .
Of course, an improvement might be found with another model type/expenditure system. Since the sample results are dependent on the chosen model and the scientific discussion about the "best" indeed is not finally concluded (if ever), it could be justified, if an institution like the Federal Statistical Office is not following such a model based extrapolation.
The following simulation and evaluation therefore do not include such a model based extrapolation.
Alternative fixed cumulation weights
There is a multitude of cumulation weights as information depreciators when they are pretended without any consideration of the data structure externally. To cover a certain spectrum of such externally fixed cumulation weightings we propose the following three alternatives of cumulation weightings for the samples at t=1,…,T, where T characterizes the actual sample:
• Uniform cumulation weighting: All samples, the youngest as well the oldest sample is considered by the same weight:
• Linear progressive weighting: The oldest sample has the smallest weight, the younger samples have proportional growing weights: ( 1,..., )
Of course, a larger base x strengthens the progression. As alternative c we will choose an exponential progressive weighting to the base of 2, since a higher base would insufficiently consider the first (oldest) samples. 
Choosen alternative cumulation weightings
To summarize: The following evaluation encompasses three externally fixed weightings as well as a data generated cluster analytic cumulation weighting. With five sequential samples of the LWRs 1999 LWRs , 2000 LWRs , 2001 LWRs , 2002 LWRs and 2003 
Alternative cumulation weights without LWR 2000
When mean and variances are compared between the different LWRS from 1999, 2000, 2001, 2002, 2003 extraordinary deviations of the 2000 LWR will be evident. A deeper inspection shows that e.g. even with a threefold standard deviation more than 35% (and more than 15% with a fivefold standard deviation) of all values are beyond that deviation around the mean. Based on that and on further evidence, the LWR 2000 will not be considered further on because of its restricted data quality.
So the discussed weightings have to be changed: The LWR 2000 will be deleted by a weight of zero and the other weights are changed to sum up to 1. Table 1 shows the final used cumulation weightings. As Table 1 shows, our alternative cumulation weightings cover a broad spectrum with lower and higher weights of older and younger samples which allow pre-estimates for other weighting proposals, too. 
Alternative demographic adjustments/calibrations
A new adjustment (calibration) as a demographic weighting to achieve available totals in general is necessary if a sample is not at random finally. Representativeness is obtained by an observation (microunit) dependent on weighting, which takes into account the individual characteristics of each household. Such an adjustment is going by far beyond an identical weight for all observations (as the reciprocal of the selection rate).
Our demographic adjustment within alternative cumulation concepts is based on information theory and the Minimum Information Loss (MIL) principle where the information loss in the objective function is minimized when the distribution of available weights is substituted by new weights. An information theory based approach was already discussed in chapter 3.2.2 when a whole sample's information is used to determine a depreciation weight. When applying information theory to the adjustment/calibration task the new adjustment factors then are the solution of a non-linear optimization problem under constraints:
where p is the n (=number of sample units) vector of the quested adjustment factors/weights. The objective function Z(p,q) is minimizing the distance to already available, original weights q. The restriction assures the externally given totals with m adjustment characteristics via the weighted by p aggregation over the sample information matrix S (m,n-matrix). The Lagrange multipliers λ (mvector) as the solution the determine the new adjustment factors by
where s j is describing the characteristics of the j-th observation (household) as a column vector.
Each single adjustment factor p j (only one factor per observation/household) is simultaneously weighting all m adjustment characteristics. Such an adjustment factor describes the final number of households in the population with the same characteristics like household j from the sample.
The information based approach assures the necessary positivity condition of the new adjustment factors (maintaining the observation) and allows a simultaneous weighting also of hierarchical data (here household and personal data). A detailed discussion of the methodological background and the efficient algorithm for even large micro data sets is given in Merz 1983a , 1985 , 1994 and Merz and Stolze 2008 . Information about the used ADJUST adjustment program package is available in http://ffb.uni-lueneburg.de/adjust and Merz and Stolze 2004.
As mentioned within the discussion of the cumulation weights this adjustment approach is used for the demographic calibration of the single samples at t=1,…,T and/ort he new demographic calibration of the cumulated sample CUM with alternative cumulation weights.
Three fundamental variants of the demographic adjustment with regard to the cumulation weights come into consideration (see Table 2 ) which refines the above adjustment alternatives:
I) Start with a new demographic adjustment for each sample to achieve updated totals t r .
The new cross section weights 
III)
Adjust each sub sample at t (t=1,…,T) of the cumulation sample CUM to the totals T r (T=2003). Since each adjusted cross section is representing the population T N , the cumulated sample CUM represents T TN observations. The adjustment factors then are multiplied by their respective cumulation weights t w . The cumulation weights should sum up to 1 so that the entire cumulation sample CUM will finally result in T N .
As mentioned, variant III is more flexible than the others because another cumulation weighting later on is possible without a new overall demographic adjustment. • Private households according to household type (single household, households with two, three, four and more persons) • Private households according to the number of persons in the labour force (no such person, one and two active persons) • Population according to gender and age (with respective 7 age classes).
The vector of totals r therefore consists of m=25 adjustment characteristics, which tells us the number of the respective households or persons for Germany in the respective years (for details see the Appendix Table A1 in Merz and Stolze 2010).
The adjustment procedure for instance delivers more than 24,000 individual demographic adjustment factors for the cumulation sample CUMLWR 2003. Each single adjustment factor simultaneously takes care of all 25 adjustment characteristics and is the number of respective population households/persons.
Chosen cumulation alternatives
The cumulation alternatives unify the alternative methods of cumulation weighting (chapter 3.2) with the alternative demographic adjustment variants (chapter 3.3). Rather rare expenditure groups (lady's trousers and PC complete systems (that time)) are only available in CUMLWR and can not be evaluated any further unfortunately.
Cumulation variants
We compare three adjustment variants : (I) cumulation weighting ex ante of the (final) adjustment with previous adjustment to current totals t r ; (II) cumulation weighting ex ante of the (final) adjustment without previous adjustment to current totals t r ; (III) Cumulation weighting ex post of the adjustment with adjustment only to the totals T r at T with the respective four alternative cumulation weights: a uniform, b linear progressive, c exponential, d data generated cluster analytic. Every household thus has 12 cumulation alternative weights.
Evaluation criteria
The cumulation sample consists of all households of the T cross sections. In principle and known so far, the comparison sample EVS relies on different households. Therefore an individual comparison of the same households out of CUMLWR and EVS is not possible due to its independency. Known measures of forecasting accuracy (see e.g. Merz 1980 ) which compare individual forecasts (LWR, say) with actual values (EVS, say) cannot be applied. Thus, only aggregates over households can be evaluated. 
Cumulation alternatives in comparison -Mean values of private household expenditures
The mean value comparison results are organized with respect to the three adjustment variants I, II and III in the evaluation Tables 3, 4, 5.
Total expenditures: Comparison of means
The EVS 2003 has mean total quarterly expenditures of about 6,.392.70 EURO. All twelve cumulation alternatives of CUMLWR 2003 quite closely achieve this value. Though they underestimate this value between -5.3% and -6.6% according to the alternative, the CUMLWR results, however, all are closer to the EVS than the current LWR 2003 (-8.4%).
Thus there is a cumulation gain for all twelve cumulation alternatives compared to the single LWR 2003. All alternative specific aggregates are close together, their difference is max 1.3 percentage points. The goodness of fit thus is dependent to a certain extent of the expenditure category. An uniform weighting of the temporal depreciation rates -and thus a relative stronger weighting even for the oldest information (LWR 1999) -for health, transport and other goods and services yield better results compared to all other nine categories where a strong prompt exponential weighting yield better results.
Probably there might be more habit persistence for health, transport and other goods and services expenditures whereas for the other expenditure categories over time a more rapid behavioural change could be deducted from the stronger prompt weighting. Further research is necessary here.
Which adjustment variant is in favour? Single expenditure categories: comparison of means
Central result so far: The best cumulation weightings are c: Exponential weighting with a strong weight of the most actual sample and a: Uniform weighting of all samples dependent on the expenditure category. Now, which adjustment variant is the best? We combine the respective single results from Tables 3, 4 and 5 into Table 6 . The respective columns show the just discussed best weighting alternatives exponential c respectively uniform a.
All three adjustment variants (I, II, III) again are close together: The range between the best relatively worst adjustment variant (measured as relative deviation to EVS 2003) over all expenditure categories is only between 0.1% and 0.4%.
14 If we take the computational efforts as an additional evaluation criteria, so adjustment variant III is to be favoured, which at first is adjusting the entire cumulation sample CUMLWR at T=2003 and then is applying the cumulation weighting. In particular, variant III allows a subsequent alternative cumulation weighting of the single cross sections without a new adjustment when a new cumulation weighting is of interest (a new adjustment for each new cumulation weighting would be required by the adjustment variants I and II).
Thus, with reference to the necessary computational efforts, the close results between variants I, II and III as well as respective best results in some expenditure categories adjustment variant III: cumulation weighting with alternative depreciation rates after the final adjustment of the entire cumulation sample is recommended. Taking into account former cross sections improve the results -for total expenditures as well as for single expenditure categories -compared to a singular current Continuous Household Budget Surveys (LWR), a result which clearly favours a cumulation of cross section samples. 
Cumulation alternatives in comparison -Variances of private household expenditures
Whilst a preferably small deviation of the cumulation file and comparison file means is desirable according to an unbiased estimator, this is discussable when the deviation of their variances is regarded. In order to better meet the expenditure heterogeneity in the population, it could be argued that even a greater variance in the cumulation file is better than in the larger comparison file (EVS). This is an argument in particular for durable goods expenditures which are bought more seldom and thus might be captured to a lesser extent in a cross-section sample.
However, we adhere to the argument that the larger sample is ‚nearer' to the population than the smaller cumulation file; a smaller deviation of the variances between the cumulation file and the comparison file (EVS) then is seen as the desired property.
Since we give the unbiasedness property a higher value than the minimum variance property, the following variance results will be discussed less detailed based on the Evaluation Tables 7, 8, 9 and summarized by Table 10 .
Total expenditures: comparison of variances
The standard deviations of all cumulation alternatives are close together and depart from the EVSdeviation only by -6% up to 5.4%. In contrast, the LWR 2003 overestimated the deviation of the total expenditures by 33%.
The cumulation file CUMLWR for all cumulation alternatives is remarkable better than the continuous household budget survey LWR at the survey period of the EVS.
Which cumulation weighting (depreciation rate) is in favour? Single expenditure categories: comparison of variances
As addressed within the evaluation of mean expenditures, the variance of education expenditures in our EVS sub-sample is disproportional low. We therefore disregard this expenditure category in the following discussion. The frequencies of the best cumulation weightings according to the three adjustment variants out of the total expenditures and the eleven expenditure categories are summarized in Table  11 . As by the mean evaluation -though not as in a similar uniqueness -the exponential weighting is comparably the best weighting procedure in all three adjustment variants (single results are given in Tables 7, 8 , 9 and 10) To record: According to the variances as well as to the means for the respective expenditure categories there is a distinct information gain by the cumulation of cross-section surveys and our cumulation approach.
Following the best cumulation alternatives form the mean evaluation -exponential weighting (c) and uniform weighting (a) throughout all adjustment variants I, II and III (Table 6 ) -at first also according to the variances the differences between all adjustment variants are small (all ranges are between 0.16 and 3.5 percentage points (Table 10) .
However, the variance goodness of fit of the cumulation alternatives is dependent from the single expenditure categories. The theoretical foundation and cumulation brick stones were discussed in Merz 2004 and further developed in the study at hand. Beyond the development of appropriate cumulation weightings, which incorporate the information of former cross sections, the central task of a structural new demographic adjustment was realized by an adjustment procedure based on information theory (Minimum Information Loss (MIL) Principle). The particular advantage of this procedure is the theoretical based structural and representative adjustment also to hierarchical microdata by a simultaneous approach. In addition to the demographic adjustment 'economic multiplies' ('inflators') for considering price changes and item related statements (economic variables in relation to period dependent means) were embraced and are possible.
We analyzed three adjustment variants (I, II and III) (I) Cumulation weighting before (final) adjustment with previous adjustment to period specific totals t r (II) Cumulation weighting before (final) adjustment without previous adjustment to period specific totals t r (III) Cumulation weighting after adjustment with adjustment only to totals T r at period T Cumulation weights:With all three adjustment variants (I, II and III) and with respect to the mean and variance indicator an identical pattern of the best cumulation weights with c: exponential and a: uniform weighting is given. The goodness of fit, however, is dependent of the single expenditure category: a uniform cumulation weighting, not accounting for some period dependent depreciation (some 'habit persistence'), results in better values for health, transport and other goods and services expenditures. For all other eight expenditure categories the exponential weighting is in favour and recommends a strong period depending depreciation.
Adjustment variants:
All three adjustment variants with their four alternative cumulation weightings result in a similar way. If the computational burden is accounted for an additional evaluation criteria, then the adjustment variant III is the best variant, which at first adjusts the entire cumulation file at T=2003 and then allocates alternative cumulation weightings to each cross section. This variant also allows another ex post cross section weighting without the necessity of a new demographic adjustment (as in variants I and II). These results are hold by the mean and variance evaluation.
Result: Method comparison of alternative cumulation factors
Each cumulation factor comprises the cumulation weight of the respective cross section and the adjustment factor of a certain adjustment variant. Such a cumulation factor finally is the number of microunits (here households) in the population (here Germany) which is represented by one household in the sample (here CUMLWR 2003) . Result: all cumulation factors of all twelve cumulation alternatives are close together between the first and third quartile of the distribution. Different maximum values, however, are pointing to necessary adjustments of strong underrepresented groups in the sample.
Our cumulation weightings comprise fixed approaches (a uniform, b linear progressive, c exponential) as well as a data generated approach. The data generated approach (without the model based methods) in fact has to be favoured because of its theoretical foundation. However, the computational burden of the cluster analytical approach is expensive. As a data generated approach the data itselves define the depreciation rates, the valuation of the former cross sections. On the other hand, the fixed alternatives are transparent and reveal the evaluation criteria of the user.
General conclusion
The adjustment variant III, the adjustment of the aggregated cumulation file to its totals before a cumulation weighting has to be proven the best cumulation alternative for the description of private household expenditures. Dependent on the expenditure category, the exponential weighting (c) with a high weight of the most actual cross section and information as well as the uniform weighting (a) of all former cross sections and information show to be the best cumulation weightings.
With the recommended cumulation alternative by our analysis, the adjustment variant III, and by using of a powerful and efficient adjustment procedure (like the MIL principle and the available associated ADJUST-Software, http://ffb.uni-lueneburg.de/adjust) it is relatively easy to adjust an aggregated cumulation file of different cross sections to actual demographic totals. After such a demographic adjustment, the single adjustment factors can easily be modified by the chosen alternative cumulation weights delivering final cumulation factors. Then analyses by content might examine variables of interest -here expenditures of private households -which are representative by its cumulation factors and informative by all the cross sections behind.
Our cumulation concept results in a distinct information gain by cumulation of cross section surveys. The results also indicate that a socio-economic model based extrapolation of former cross sections will lead to further information gains. This has to be reserved to further consumption analyses of single expenditure categories by content and theory. Panel data, with repeated information of the same interviewed household will further enhance the possibilities of targeted microanalyses.
